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Cavity optomagnonics has emerged as a promising platform for studying coherent photon-spin
interactions as well as tunable microwave-to-optical conversion. However, current implemen-
tation of cavity optomagnonics in ferrimagnetic crystals remains orders of magnitude larger in
volume than state-of-the-art cavity optomechanical devices, resulting in very limited magneto-
optical interaction strength. Here, we demonstrate a cavity optomagnonic device based on in-
tegrated waveguides and its application for microwave-to-optical conversion. By designing a
ferrimagnetic rib waveguide to support multiple magnon modes with maximal mode overlap to
the optical field, we realize a high magneto-optical cooperativity which is three orders of magni-
tude higher compared to previous records obtained on polished YIG spheres. Furthermore, we
achieve tunable conversion of microwave photons at around 8.45 GHz to 1550 nm light with a
broad conversion bandwidth as large as 16.1 MHz. The unique features of the system point to
novel applications at the crossroad between quantum optics and magnonics.
© 2020 Optical Society of America under the terms of the OSA Open Access Publishing Agreement
http://dx.doi.org/10.1364/optica.XX.XXXXXX
1. INTRODUCTION
Exploitation of hybrid platforms to combine microwave and pho-
tonic circuits is of great interest for its importance to realize both
classical and quantum hybrid signal transduction, storage, and
processing [1–5]. Coherent microwave-to-optical conversion has
been realized at various experimental platforms, for example, by
coupling with auxiliary excitations such as phonons in optome-
chanical systems [6–13], and direct microwave-light interaction
via the electro-optic approach [14–16]. While benefiting from the
small mode volume to enhance the interactions, most systems
intrinsically lack tunability and have relatively narrow operating
bandwidths (< 1 MHz), limiting their practical applications. In
recent years, the coherent, cavity-enhanced interaction between
optical photons and solid state magnons has attracted intensive
attentions in both fundamental research and device applications,
because of the appealing properties of magnons such as long
spin lifetime and large-bandwidth tunability. In particular, sin-
gle crystalline ferrimagnetic insulator yttrium iron garnet (YIG,
Y3Fe5O12) has emerged as a promising candidate for integrating
magnons in hybrid quantum systems to bridge different types
of excitations. It has been widely adopted to investigate inter-
actions among spin waves, microwaves, acoustic waves, and
optical excitations [17–29]. YIG exhibits very low dissipation
for all these information carriers and in particular, as an optical
material, it shows very low optical loss in the telecom c-band
(0.13 dB/cm) [30]. Because of these advantages, the feasibility of
using single crystalline YIG for realizing microwave-to-optical
conversion is of significant interest [22, 31–36]. However, pre-
vious studies in this area mainly focused on bulk crystals with
the uniform magnon mode (Kittel mode) [37], resulting in the
low magneto-optical interaction strength and limited conversion
bandwidth [18–21, 26, 38].
In this paper, we experimentally demonstrate the multimode-
magnon assisted, broadband, and tunable conversion between
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Fig. 1. (a) Schematic of the experimental assembly of the integrated optomagnonic waveguide device. The optical light is coupled
in and out of the YIG rib waveguide via cleaved fibers. A rf microstrip cavity is aligned beneath the waveguide for magnon exci-
tations. (b) A frequency domain representation of the triple-resonance-enhanced frequency conversion process. A strong optical
pump light is applied to the TE optical mode (pump mode). Photons can be converted between the magnon modes and TM optical
mode (signal mode). The electric field distributions in the cross-section view for optical TE, TM, and the magnetic field distribu-
tion of the magnon modes are shown in the upper panel, respectively. (c) False-color scanning electron microscope image of the
waveguide cross-section view. (d) The rf magnetic field distribution across the YIG waveguide at the cross-section view.
microwave and optical light in a single crystalline ferrimagnetic
YIG thin film waveguide configuration. The waveguide simulta-
neously supports a series of Fabry-Pérot (FP) optical resonances
and multiple magnon resonances formed by forward volume
magnetostatic standing waves (FVMSWs) [39]. With the care-
fully designed YIG rib-waveguide geometry, the magnon modes
and optical modes are both confined in a small mode volume
with large mode overlap, which results in significantly enhanced
magneto-optical interactions compared with previous studies in
YIG spheres [18, 19, 26]. At the same time, a second optical cav-
ity mode is engineered to resonantly boost the intra-cavity pump
photon number. Taking advantage of the triple-resonance inte-
gration by realizing the energy and phase conservation among
magnon and optical photons, we demonstrate a microwave-
to-optical photon conversion efficiency that is three orders of
magnitude higher compared with current state-of-the-art results
on YIG-based platforms [18, 19, 26, 40]. Furthermore, with the
existence of multiple magnon resonances, a broad frequency con-
version bandwidth exceeding 16.1 MHz has been realized. Our
demonstration sheds light on the potential of the patterned YIG
rib waveguide as a new platform for magnon-based coherent
information processing.
2. FRAMEWORK OF WAVEGUIDE CAVITY OPTO-
MAGNONICS MEDIATED CONVERSION
The architecture of the optomagnonic device is illustrated in Fig.
1(a). The system consists of multiple coupled modes in three dif-
ferent domains: a microwave cavity mode supported by a half-λ
resonator, magnon modes formed by forward volume magneto-
static standing waves in an etched YIG waveguide, and optical
modes engineered to have the desired dispersion relation for
supporting the triple-resonance enhanced frequency conversion,
which means that the magnon, input and output optical photons
are simultaneously on resonance. The magnons are coupled
to the microwave cavity which is driven by the input itinerant
microwave photons through an inductively coupled microwave
feedline. Due to the coexistence of the magnonic and the optical
cavity modes and the strong magneto-optical interaction, input
optical photons can be inelastically scattered by the magnons
into a single sideband mode with orthogonal polarization via
the Faraday effect [18, 21, 26, 41], with the frequency difference
matching the magnon mode frequency. This can be described
by an intuitive picture that, under the microwave drive, the
polarization of the pump light oscillates at the frequency of the
magnons, and thus produce the desired optical sideband under
phase matching conditions.
The linear interaction system Hamiltonian of coupled modes
under the rotating-wave approximation can be written as
Hint =∑
i
h¯go,i
(
ab† + a†b
) (
mi +m†i
)
+∑
i
h¯ge,i
(
cm†i + c
†mi
)
(1)
where a
(
a†
)
, b
(
b†
)
, c
(
c†
)
,mi
(
m†i
)
are the annihilation (cre-
ation) operators for optical pump mode, optical signal mode, mi-
crowave mode, and i-th order magnon mode, respectively. ge,i,
and go,i are the electro-magnonic and photon-number-enhanced
magneto-optical coupling strength for the i-th order magnon
mode, respectively [22, 34, 42].
The triple-resonance enhanced conversion process has been
proposed recently [19, 21, 26], showing a dramatic enhancement
of the magneto-optical coupling strength by several orders of
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Fig. 2. (a) & (c) are the optical transmission spectra of both TE (red) and TM (green) polarizations. (b) and (d) are the zoom-in single
resonance spectra for the two polarizations with the fitted Q factor, respectively. (e) is the zoom-in spectra representing the fre-
quency difference between adjacent resonances. (f) Dispersion engineering of the frequency difference between two neighboring
modes, plotted against the wavelength. The grey area depicts the target frequency band where magnons are excited.
magnitude under the realization of energy, spin, and orbit an-
gular momentum conservation relations. In our system, the
device is engineered to satisfy the triple-resonance condition,
as depicted in the Fig. 1(b). The dispersion relations of optical
transverse-electric (TE) and transverse-magnetic (TM) modes
are carefully engineered to make their effective refractive indices
differ slightly from each other, thus, leading to the smooth tun-
ing of the frequency difference between two adjacent modes
over a large optical scanning range. At the same time, the fre-
quencies of magnon modes can be tuned linearly by varying the
static bias magnetic field ~Bo, according to the dispersion relation
ωm ∝ γ
∣∣∣~Bo∣∣∣, with γ = 2pi × 2.8 MHz/Oe being the gyromag-
netic ratio. Thus, with the magnon tunability and optical mode
dispersion engineering, the frequency difference between adja-
cent TE and TM optical modes can be conveniently chosen to
match the magnon resonant frequencies, as well as the resonant
frequency of the microwave cavity. The implementation of the
microwave resonator, instead of using broadband microstrip
antenna, also boosts up the magnon read-out efficiency via the
cavity enhancement. Besides the engineered dispersions, the
magneto-optical coupling strength is greatly enhanced by the
large overlap between the optical and the magnonic modes, as
shown in the mode profiles in the Fig. 1(b), thanks to the high
mode confinement from the rib waveguide geometry.
During the experiment, a strong coherent drive tone is ap-
plied to the TE-polarized optical pump mode (a), leading to
a pump enhanced magneto-optical coupling strength go,i =√
naGo,i, where na is the intracavity photon number and Go,i
is the single photon magneto-optical coupling strength. The
magnons are excited by the microwave photons, due to the
magnon and microwave coupling in the hybrid system. At the
same time, thanks to the magneto-optical coupling, input optical
photons can be inelastically scattered into a single sideband op-
tical signal mode (b) by the magnons. The on-chip conversion
efficiency for the i-th order magnon mode ηi, under the triple
resonance enhanced condition, is written as (See Supplementary
Material Section 4)
ηi = 4
Com,iCem,iζeζo∣∣1 + Com,i + Cem,i∣∣2 , (2)
where Cem,i ≡ 4g
2
e,i
κeκm,i
and Com,i ≡ 4g
2
o,i
κoκm,i
are the electro-magnonic
and magneto-optical cooperativities, respectively, ζe = κe,e/κe
and ζo = κo,e/κo are the extraction ratios. And κe,e, κe, κo,e
and κo are the external coupling and total dissipation rates for
microwave and optical signal modes, respectively. κm,i is the i-th
magnon dissipation rate. It is worth noting that the total on-chip
conversion efficiency η has multiple contributions from adjacent
magnon modes (η ≥ ηi), and η ≈ ηi is only valid when κe and
ge,i are much smaller than the FSR of the magnon modes.
3. DEVICE DESIGN AND TRIPLE-RESONANCE INTE-
GRATION
A rib waveguide is fabricated in a 5-µm-thick single crystalline
YIG thin film (<111> oriented) on the 500-µm-thick Gadolium
Gallium Garnet (GGG) substrate that simultaneously supports
optical and magnon resonances. The top layer of the rib waveg-
uide has a width of 5 µm and a height of 1.2 µm, as shown in the
Fig. 1(c), which is superimposed on a 200-µm-wide bottom rib
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Fig. 3. (a) Illustration of the experimental setup. The polarization of the light from a tunable laser diode (TLD) is adjusted by a fiber
polarization controller (FPC) and passes through a polarizer aligned at TE polarization. The microwave input is sent into the device-
under-test (DUT) via a vector network analyzer (VNA). The beat signal between the optical pump and the converted sideband field
is measured using a polarizer and a fast photodetector (PD), and fed into VNA after the signal amplification. (b) The measured
(scatter) and fitted (line) microwave reflection spectrum |See|2, and the corresponding microwave-to-optical conversion spectrum
|Soe|2. (c) The optical power dependence of the microwave-to-optical conversion magnitude |Soe|2. The conversion bandwidth
at full width of half maximum (FWHM) is around 16.1 MHz with 2.5 dBm pump power. (d) Extracted (scatter) and fitted (line)
internal conversion efficiency as a function of the optical pump power. The orange, green, purple, and navy squares correspond to
the colored curves in (b) & (c) respectively.
layer along its center line. The bottom layer of the YIG rib waveg-
uide, serving as a magnonic waveguide, is etched by 5 µm into
the GGG layer for the spin wave mode confinement. The waveg-
uide is 4.2-mm long, confining spin waves in both longitudinal
and transverse directions. The magnetic field distribution of the
magnon modes at the cross-section view is plotted in the Fig.
1(b). The surface of the device is covered by a 6-µm-thick silicon
dioxide layer for mechanical protection and minimizing the op-
tical scattering loss. The optical light is sent into the waveguide
via a cleaved optical fiber. A copper coplanar half-λ microwave
resonator is placed beneath the YIG waveguide, which can be
used to excite magnons efficiently. With high-precision fabri-
cation and metallic reflection coating on the highly polished
waveguide facets, the YIG waveguide Fabry-Pérot cavity, which
is inherently an excellent magnonic cavity, exhibits high opti-
cal quality (Q) factors for both TE and TM polarizations with
engineered dispersion relations to support the triple resonance
condition.
The optical waveguide Fabry-Pérot cavity supports both TE
and TM fundamental optical modes with the slight difference in
their effective refractive indices, resulting in two sets of modes
with very close free spectral range (FSR). Here, the silicon dioxide
cladding layer, YIG layer, and GGG substrate have the refractive
indices of 1.44, 2.20, and 1.94, respectively. The field distributions
of the fundamental optical modes (TE & TM) are confined in the
waveguide center, where the 5-µm-wide etched step locates. As
we can see from the optical mode profiles in Fig. 1(b), the field
distributions are very similar for both TE and TM, with an aspect
ratio around 1 and a mode size ∼ 5 × 5 µm2. At the same time,
both the height and width of the rib waveguide are larger than
the optical wavelength (∼ 1.55 µm), resulting in relatively small
geometry introduced dispersion. The effective refractive indices
of TE and TM modes are simulated via COMSOL Multiphysics
with the values to be 2.1937 and 2.1934, respectively, close to the
bulk YIG refractive index. With a small dispersion difference,
the frequency difference between adjacent TE and TM optical
modes slowly varies within the measured wavelength range,
which can conveniently match input microwave frequencies
within a single device.
Figures 2(a) & (c) show the optical transmission spectra for
both TE and TM input lights. The optical Q factors for both polar-
izations are fitted in Figs. 2(b) & (d), with a value achieving near
200,000 for both polarizations. As shown in Fig. 2(e), the TE and
TM modes have very similar dispersion relations, and thus, the
frequency difference between two adjacent modes can smoothly
vary as a function of wavelength. The relation between ∆ f and
the wavelength is extracted in Fig. 2(f). The grey area denoted
the frequency range where the magnon modes locate. The fre-
quency difference between two adjacent modes smoothly varies
from 8.7 GHz to 8.4 GHz in a measurement range from 1546
to 1547.3 nm, triggering triple-resonance enhanced frequency
conversion when ∆ f matches the magnon frequency.
4. MICROWAVE TO OPTICAL CONVERSION
The experimental setup for measuring the microwave-to-optical
conversion is depicted in Fig. 3(a). The optical pump is sent to
the device from a tunable laser, with the polarization controlled
by a fiber polarization controller and a polarizer. The device is
biased perpendicularly by a static magnetic field with the field
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around 4800 Oe. The microwave input is sent to the microstrip
feedline via a VNA to excite the magnons. The beat signal
between the optical pump field and the converted sideband field
is measured using a polarizer and a fast photodiode, then fed
back into the VNA.
We first characterize the magnon modes by measuring the
microwave reflection spectrum. The magnon modes are con-
fined in the slab layer of the YIG rib waveguide centered at the
rib structure. Since the film is perpendicularly magnetized, the
FVMSWs are excited which form standing waves between the
two waveguide facets along the length direction [43–45], when-
ever the wavevectors k equal ipi/l, where l = 4.2 mm is the
length of the waveguide and i is the mode number (i = 1, 3, 5,
7,. . . ). The magnonic waveguide is aligned at the center of the
microwave coplanar cavity, and driven by a nearly uniform rf
field, as plotted in Fig. 1(d). Here, only these modes with odd
mode number can be excited efficiently, because the even modes
have cancelled coupling strength with the uniform microwave
cavity field.
The microwave reflection spectrum is shown in Fig. 3(b),
illustrating the coupling between the microwave mode and mul-
tiple magnon modes. The microwave mode has the resonance
around 8.444 GHz with the intrinsic and external dissipation
rates κe,i/2pi = 85 MHz and κe,e/2pi = 165 MHz, respectively
(See Supplementary Material Section 3). The multiple magnon
modes are under-coupled with the microwave cavity with an
FSR around 7 MHz and resonant linewidth κm,i/2pi around 3.6
MHz for each magnon resonance. The electro-magnonic cou-
pling strength between the fundamental magnon mode and
microwave mode ge,1/2pi has been extracted to be 13.3 MHz,
corresponding to an electro-magnonic cooperativity Cem,1 =
4g2e,1/κeκm,1 to be 0.80. Up to four magnon modes are clearly ob-
served in the reflection spectrum. When the optical pump mode
is at 1547.021 nm, according to the transmission spectra, the
frequency difference between optical pump and signal modes is
around 8.445 GHz, fulfilling the triple resonance condition for
the lowest order magnon mode.
The microwave-to-optical conversion spectrum |Soe|2 is mea-
sured by injecting a microwave field (−3 dBm) and monitoring
the optical beating signal, which is simultaneously taken with
the reflection spectrum of |See|2 in the Fig. 3(b) upper panel. The
results show the broad conversion band peaked near the lowest
order magnon mode frequency with the detectable frequency
span broader than 50 MHz, thanks to the multi-mode assisted
frequency conversion process, which is two to three orders of
magnitude broader than other conversion devices [7].
The system conversion efficiency is calibrated (Supplemen-
tary Material Section 4), and the highest on-chip efficiency is
achieved at the third order (i = 3) magnon mode, estimated
to be 1.08× 10−8 at the resonant frequency of 8.451 GHz when
the optical pump power is 4.8 dBm. The internal conversion
efficiency at the this magnon resonant frequency ηint = η/ζeζo
is calibrated to be 5.19× 10−7. From the measurement results,
the single photon magneto-optical coupling strength is fitted to
be Go,3/2pi = 17.2 Hz (Supplementary Material Section 4). Such
coupling strength is four orders of magnitude higher than the
frequency conversion realized at YIG bulk crystal [18], and 50
times higher than the result demonstrated at the YIG sphere
utilizing WGM-resonance-enhancement [19, 26, 40]. With 4.8
dBm pump light, yielding 1.77×106 intra-cavity photon number,
the photon-number-enhanced coupling strength go,3/2pi = 22.59
kHz, corresponding to an enhanced magneto-optical coopera-
tivity Com,3 = 4g2o,3/κoκm,1 = 4.06× 10−7. The parameters for
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Fig. 4. (a) The experimental setup to measure the polarization
relation of the optical pump and converted lights. The sig-
nal generator (SG) is used for the microwave input. The λ/2
waveplate (WP) is used to adjust the polarizations of the out-
put lights, then sent through a polarizer to a optical spectrum
analyzer (OSA). (b) The orthogonal optical polarizations be-
tween the pump light and the converted light. The solid lines
are the sinusoidal fitting. (c) Power of the converted sideband
when the waveplate is rotated at different angles.
the first four magnon modes are fitted and listed in the Table 1.
The |Soe|2 spectrum is also fitted by considering the frequency
conversion assisted by the first four magnon modes (i = 1, 3, 5,
7), as shown in the solid line of the Fig. 3(b) bottom panel. The
fitting results matches very well with the measurement up to the
resonant frequency of 7-th magnon mode (i = 7, ∼ 8.47 GHz).
Here, the discrepancy between the fitting and measurement at
high frequency tail end is due to the conversion process assisted
by the higher order magnon modes along both longitudinal and
transverse directions, which are not resolvable in the reflection
|See|2 spectrum, and thus, not included in the fitting.
The |Soe|2 spectra yield the broadening effect instead of dis-
crete magnon features as shown in the reflection spectrum. This
is because the microwave-to-optical conversion is non-zero for
the other adjacent magnon modes with the detuned frequencies.
When the system satisfies the triple-resonance condition at one
magnon mode, for example, the lowest-order magnon mode (i =
1), the conversion process is dominated by this magnon mode
due to the cavity enhancement, meanwhile, the adjacent magnon
modes (i = 3, 5) also contribute to the conversion. This is because
the FSR of the magnon modes are relatively small (∼ 7 MHz)
and comparable to the magnon linewidth (∼ 3.6 MHz). At the
same time, the optical linewidth (∼ 1.6 GHz) is much larger than
the frequency band where magnons exist. Considering those
factors, the adjacent modes, although are slightly detuned from
the triple resonance condition, still have non-negligible contribu-
tion to the conversion process. Thus, the conversion at a specific
frequency is the collective addition assisted by multiple magnon
modes, enabling the broadband conversion. The detailed numer-
ical fitting for each magnon mode and the collective conversion
process is further illustrated in the Supplementary Material.
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Table 1. List of parameters
i-th magnon mode ωm,i2pi (GHz)
κm,i
2pi (MHz)
ge,i
2pi (MHz) Cem,i
go,i
2pi (kHz) Com,i (×10−7) Go,i2pi (Hz) ηi (×10−7)
i = 1 8.445 3.55 13.3 0.80 22.59 3.72 17.2 3.68
i = 3 8.451 3.25 13.2 0.87 22.59 4.06 17.2 4.04
i = 5 8.460 3.50 8.5 0.33 14.68 1.59 11.18 1.17
i = 7 8.468 3.22 5.0 0.12 12.42 1.21 9.46 0.45
Figure 3(c) plots the microwave-to-optical conversion spectra
|Soe|2 when the optical pump power is increased. The conver-
sion efficiency increases linearly with the pump power. The 3-dB
conversion bandwidth is measured to be around 16.1 MHz. In
Fig. 3(d), the internal conversion efficiency at different optical
pump power is extracted when the microwave input frequency
is fixed at the lowest magnon mode with a −3 dBm input power,
which clearly shows a linear power dependence and hence a
linear magnon-to-photon conversion process.
Another distinct property of magnon-mediated microwave-
to-optical conversion is the orthogonal polarizations between
the pump light and converted signal light, as required by spin
momentum conservation [18, 26]. This feature is experimentally
confirmed by tuning the polarization of both the transmitted
optical pump and the converted signal light by using a λ/2
waveplate, as illustrated in Fig. 4(a). The input optical pump is
aligned at TE polarization by using the fiber polarization con-
troller and a polarizer before the device. The λ/2 waveplate
rotates the polarization axis of both transmitted pump and the
converted light together, before passing through the second po-
larizer for detection. The polarizer at the output side has the
polarization axis aligned at TE as well. The amplitude change
will behave out-of-phase, if the lights have orthogonal polar-
izations, which is measured by an OSA. For a λ/2 waveplate,
if the waveplate is rotated by ψ, it is equivalent to rotate the
polarization axis of a linear polarized light passing through it
by 2ψ [46]. As depicted in Fig. 4(b), the transmitted power of
the pump light and signal light has pi/4 phase difference by
rotating the angle of the waveplate, corresponding to a pi/2
angle between the polarization axis, clearly demonstrating the
orthogonal polarizations between those two lights.
We further demonstrate such polarization dependence by
alternating the rotating angle ψ of the λ/2 waveplate before
the spectrometer. The converted optical sideband is measured
directly via a tunable Fabry-Pérot spectrometer. The linewidths
of the measured sideband signals measured in the Fig. 4(c)
are not the physical linewidths of the light; but instead they
only represent the finite resolution (67 MHz) of the filter in the
spectrometer. In this measurement, the polarizer at the output
end is aligned at TE, thus, the TE-polarized light can transmit
with minimal loss (∼ 1 dB), but ∼ 32 dB rejection ratio for the
TM-polarized light. When the waveplate is rotated by pi/4, the
polarization axes of both pump and converted lights are rotated
by pi/2 (TE –> TM, TM –> TE). The magnitude of the converted
light is maximized at this rotating angle, while minimized when
ψ = pi/2 (maintaining the original polarizations), as shown
in the Fig. 4(c). The results verify that the converted optical
sideband is TM-polarized, orthogonal to that of the pump light.
5. DISCUSSION AND OUTLOOK
The system conversion efficiency can be further improved by a
variety of efforts in both magnonic and photonic engineering.
First, the optical metallic reflective coatings can be further im-
proved by utilizing the distributed Bragg reflector (DBR) coating
on the facets to achieve higher reflectivity, leading to higher in-
trinsic optical Q factors. Second, by further decreasing the device
volume, such as fabricating micro-disk or ring resonators [47]
using sputtered crystallized films [47], the magneto-optical cou-
pling strength will be dramatically improved because of further
reduction of the mode volume. Third, other magnetic materials
with larger Faraday constant such as ion doped YIG will offer
stronger magnon-photon interaction [38], leading to enhanced
coupling strength. Lastly, measurement at cryogenic tempera-
ture will be beneficial to the improvement of the performance of
microwave cavity made of superconducting materials [13, 16].
In conclusion, we have developed a waveguide cavity opto-
magnonic system that achieves multi-mode assisted broadband
microwave-to-optical frequency conversion. By carefully engi-
neering the optical dispersions and optimizing the mode over-
laps between optical and magnon modes, the vacuum magneto-
optical coupling strength has been increased by three order of
magnitude compared with previous studies. In particular, a
broad conversion bandwidth up to 16.1 MHz centered at 8.45
GHz has been achieved, thanks to the collective conversion
process assisted by multiple magnon modes. Lastly, this opto-
magnonic device demonstrates high tunability for both optical
and magnon modes to accommodate different microwave fre-
quencies within one integrated device.
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